Introduction and Summary
A neutron detector based on a composite of polymer semiconductor and neutron active materials is described. The detector operates at ambient temperature, is sensitive to thermal neutrons and has a smaller sensitivity to fast neutrons. When used as a stacked series system, fast neutron sensitivity increases and an energy discriminative system results. The characteristics of the detector are high sensitivity per unit volume, light weight, potential for large area and modest costs. A qualitative description of the concept and quantitative estimates of the performance of a particular design are given. Figure 1 . This detector has three distinct layers, and forms a standard diode detector. The inner layer is a neutron active metal. Surrounding both surfaces of the neutron active metal is a layer of polymer semiconductor chosen to produce a Schottky barrier rectifying junction and consequently producing a depletion layer on both sides of the neutron active layer. An ohmic contact is placed on the outer surfaces of the semiconductor polymer to form an electrical contact and provide shielding. Other variations of this basic design are possible, for example, the inner layer neutron active material could also be a different semiconductor material or doping change of the appropriate character to form a rectifying junction. To discuss a specific example and because of its particular promise, we consider the design and performance of a (CH)x-6Li composite design.
Qualitative Description
Consider the qualitative effects of a neutron on the detector shown in Figure 1 . There are several types of neutron interactions. The most important is that neutrons are absorbed within the 6Li with a cross section that varies with neutron energy as shown in Figure 2 . The absorption releases energy according to:
The triton (3H) and/or alpha (4He) reaction particles will escape the 6Li layer and deposit energy into the semiconducting polymer layer. The deposited energy produces electron-hole pairs in the semiconductor which, because of the Schottky junction built-in or an externally supplied voltage, produces a current pulse. This pulse can be detected with a standard voltage or charge sensitive circuit.
Because of the hydrogen in the semiconductor, there is a small sensitivity of the detector to high energy neutrons. As seen in Figure 2 , hydrogen has a relatively large collision cross section for high energy neutrons. There is no energy released during these collisions, but kinetic energy is imparted to the hydrogen. This "knock out" proton also produces free carriers, or signals, in the semiconductor. Even though hydrogen has a relatively high fast neutron cross section, it is low compared with that of thermal neutrons in 6Li (cf Figure 2) , and produces correspondingly less sensitivity per incident neutron. Neutron interactions with materials other than hydrogen and 6Li have very small collision and reaction cross sections, and therefore produce no significant signal.
The design of a detector requires consideration of several device parameters which cannot all be simultaneously optimized. The detector design requires that:
1. The neutron active layer should be thick enough to absorb neutrons but thin enough to allow the reaction particles to escape with reasonable energy; and, 2. The hydrogen loaded semiconductor should be thick enough to produce moderation and knock out protons but thin enough to be able to allow efficient transport of the signal charge.
Detector Design and Performance
To develop a "optimized" detector design, a detailed Monte Carlo calculation of the neutron and reaction particle transport effects is required. Such a calculation has been done for two cases intuitively expected to be close to "optimal." The elements of the calculation are outlined, and the results for the two special cases presented.
Thermal neutrons incident on the neutron active layer are absorbed with a probability determined by the absorption cross section and layer thickness in the direction of their velocity. These absorbed neutrons isotropically release particles which have some probability of escaping the neutron active layer with a fraction of their initial energy determined by the interaction of the reaction particles with the neutron active layer.
The reaction particles then deposit energy into the surrounding semiconductor. The deposited energy is determined by the semiconductor-reaction particle interaction, direction of the reaction particles travel, semiconductor thickness and initial reaction particle energy.
If a Monte Carlo calculation of the above factors is performed for an isotropic incident neutron flux and given material thicknesses, all these processes can be combined into an effective absorption probability, P, and average induced charge, AQ. These factors are discussed somewhat more quantitatively below.
It is intuitively apparent for a detector of the design shown in Figure 1 , the semiconductor layer should be thick enough to absorb most of the engrgy of the escaping reaction particles. A reaso0able thickness is the range, L, of the unattenuated reaction particle. This is a conservative design since the unattenu'ted range is certainly g'eater than that of the average.
'With the thic'kness of the semiconducting layer determined, other materials parameters are now constrained. For example, to insure efficient charge collection, the semniconductor layer should be fully depleted. The necessary degree of compensation in the semiconductor, Na -Nb, and/or externally applied bias V is obtained from the standard Schottky junction depletion width expression, co K (pa + V) '| ( Na-Nb ) (2) where K is the semiconductor dielectric constant, so the permittivity constant ( If fast neutron detection is desirable, even thicker stacks can be made which, because of the integral hydrogen, will both moderate fast neutrons, producing subsequent thermal neutron absorption in the 6Li, and detect the knock out proton interaction produced from each moderating collision. This latter effect should be quite useful for not only counting fast neutrons, but also determining their energy. If the detector stack is several centimeters thick, a fast neutron should lose most of its energy in the detector and produce several essentially coincidental pulses. The coincidence of several pulses will uniquely indicate a fast neutron interaction and analysis of the total current produced and/or the distribution of individual current pulse amplitudes should allow an estimate of the fast neutron energy. Analysis of these pulses will also provide some information on the direction of the incident neutron.
General Discussions
.Although the (CH)x-6Li composite described above is not the only, or perhaps even the best combination of materials, it has several attracti ve properties which recommend it.8 Based on already known processes, high quality (CH)x films can be formed by catalytic polymerization of acetylene gas, onto metallic surfaces. Also, metal films are known to form good junctions with (CH)X. A film of (CH)x has been determined to be intrinsically P-type and can be easily compensated to very low net charge levels by exposure to NH3 gas. These properties mean that the described detector can probably be produced by simple evaporation and gas exposure techniques. The first reported measurements of the Tp product for trans (CH)x are about 10-10 cm2/v, which is not adequate. 9.3xl 0-7
